Millions of people are living with lasting effects of COVID-19.

TALLYING THE HEALTH
T0LL OF COVID-19

Researchers are trying to calculate the burden of
infection and its after-effects. By Holly Else

ow do you count the cost of a pan-
demic? COVID-19 has killed an
estimated 15 million people since
it emerged at the end of 2019, but
itsimpact on health reaches much
further. For hundreds of millions of
peoplearoundthe world, infection
with the coronavirus SARS-CoV-2
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has brought a range of problems, from the
acute effects of the illness to the lasting symp-
toms known as long COVID.

Working out the size of that healthburdenis
challenging, butimportant —governments use
such figures to plan how tospend health-care
budgets. So researchers are starting to tally
the overall healthimpacts and trying to draw
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lessons fromany patterns. They’re hoping, for
example, todiscern how different populations
are affected and to provide evidence about the
effects of vaccine roll-outs and new variants
ofthevirus.

Even without a pandemic, there is no easy
way to tally all the effects of various health
conditions: good data can be hard to come by
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and decisions on how to measure burdens are
inherently subjective. “There are a whole lot
of social value choices where there isn’t hard
science,” says Theo Vos, an epidemiologist at
the Institute for Health Metrics and Evaluation
(IHME) at the University of Washingtonin Seat-
tle, a research centre that aims to categorize
the global health burden of diseases. “How do
youvalue ayear with asthma, ayear without a
leg, ayear with depression?”

Those calculations are even harder when
scientists are grappling with a new virus and
apoorly characterized disease.

Research groups are exploring a number
of ways to calculate the burden of COVID-
19, and many are starting to report their
results. Early data suggest that the impact is
significant and varies by country. One study
found that COVID-19 took a heavy toll across
16 European countries, but that the impacts
on different nations varied owing to factors
ranging from the population’s age structure
to political responses to the pandemic' (see
‘Aheavyburden’).

Estimates produced by national teams
provide more detail. In Scotland?, COVID-19
was second only toischaemic heart diseasein
terms oftheimpactithad onthe population’s
health in 2020. In the Netherlands? that year,
the burdenwas16 times that of a typicalinflu-
enzaseason, accordingtoapreprint published
last November.

With the pandemic still raging across many
parts of the world, it’s too early to calculate
the full toll. But some researchers think it
has helped to change how they calculate the
health effects of diseases. “The pandemic
has strengthened collaborations in the field
of disease burden,” says Sara Monteiro Pires,
anepidemiologist at the Technical University
of Denmark. Researchers are now harmoniz-
ingthe processes they use to estimate disease
burden, and tailoring the models to the data
availablein each location. They hope this will
make the results more precise.

Adding up the effects

The UK National Health Service lists a dozen
COVID-19 symptoms for adults, from loss
of smell to a high temperature. Even people
who have arelatively mild case and ride out
the symptoms at home can see lasting health
effects, such as fatigue or shortness of breath.
If symptoms continue beyond a couple of
months, people can be diagnosed with an
illness widely known as long COVID.

To quantify how a disease affects an entire
population, scientists combine data on indi-
vidual experiences. These include the number
of people infected, the number who had cer-
tain symptoms, the length of illnesses, how
many needed hospital treatment or died, and
patients’ ages,among other things. They then
use them to work out how many years of life
have been lost to the disease and how many

AHEAVY BURDEN

Researchers are starting to analyse how many years of life have been lost to death and ill
health from COVID-19, measured in units called disability-adjusted life years (DALYs).

The toll of COVID-19 in Europe

An analysis of 16 European countries using data from sources such as the World Health Organization suggests
that the toll can vary widely depending on a population’s age structure or, perhaps, a government’s response
to the pandemic. National estimates, using more detailed data, tend to yield larger burden estimates.

COVID-19 DALYs per 100,000 people (data for 2020):

‘ European study

Ireland
350
Croatia
229

Czech Republic
534

Luxembourg
31

Denmark
16

How COVID-19 stacks up

In countries for which data are
available, COVID-19 tends to be
one of the most burdensome
diseases.

Slovakia
101

Malta

Ischaemic heart disease
13,594 DALYs
Lower back pain
7106
Diabetes
5,796

In Malta, more DALYs were
attributed to COVID-19
than to stroke in the year
from March 2020.

5,478

Country-level data (where available)

Netherlands
429

Portugal

Finland Estonia
59 55
Germany

Ischaemic heart disease
4,684 years of life lost to death (YLL)*

Lung cancer

Stroke

1721

Chronic obstructive pulmonary disease

Colon cancer

A study in Germany found that
COVID-19 would rank among

the most burdensome health
conditions in terms of YLL.

Lower-respiratory infections

*Data are for 2020 for COVID-19 and for 2017 for other conditions.

years are lived with disabling symptoms.
Researchers can use the average life expec-
tancies in a country to work out how many
years of life have been lost owing to pre-
mature death. Losses due to disability are
harder to calculate, however. To quantify
those, researchers use data about the num-
ber of people affected by acertainillness, the
length of time they have it and a value for the
illness known as a disability weight. The IHME’s
Global Burden of Disease group maintains a
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standardized list of disability weights; the
latest version available, published in 2019,
givesamild earacheadisability weight of 0.013
and severe multiple sclerosis 0.719 (a weight
of 0is perfect health; a weight of 1is death).

Currently, thereisnostandardized disability
weight for COVID-19. Instead, researchers use
the disability weights associated with other
infectious diseases and similar health condi-
tions.

Totalling the years of life lost due to
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illness, disability or premature death gives
an estimate of the burden in a unit known as
disability-adjusted life years, or DALYs. It is
the keystone of research into the burden of
disease.

Thedatathatgointo DALYs come fromavari-
ety of sources. Many are routinely collected
by national health authorities. For COVID-19,
some data have been gathered through tar-
geted surveillance efforts such as the REACT
study (Real-time Assessment of Community
Transmission), a massive sampling exercise
that began in 2020 and has chronicled how
SARS-CoV-2 is moving through England and
what symptoms people are experiencing.

Data from the REACT study suggest that
COVID-19’s health effects can linger. A pre-
print posted on the medRxiv server last July
suggested that 19% of the English population
had had COVID-19, and that around one-third
of those — more than 2 million adults — had
experienced one or more symptoms for at
least 12 weeks*. “That’s 6% of the population,”
says Paul Elliot, an epidemiologist at Imperial
College London, who leads the REACT study
and co-authored the study.

Max Taquet, a clinical researcher and engi-
neer at the University of Oxford, UK, who uses
datafrom medical records to understand the
neurological and psychiatric consequences
of COVID-19, says that estimating the health
effects of long COVID is difficult and that the
numbers are startling. “Many of us were sur-
prised of the scale of the problem,” he says,
“butwe dosee this [post-infection syndrome]
with other viral infections”. With COVID-19,
scientists are monitoring the consequencesin
real time. “It’s great that we are finally paying
attention toit.”

There is no guarantee that these data
sources will stick around, however. The UK
government announced in March thatit would
be stopping funding for some branches of the
REACT study and for another surveillance
effort.

Big burden

Early results onthe health lost to COVID-19 are
trickling in. “Overall, the impact of COVID-19
has been dramatically high worldwide,” says
Gianfranco Politano, a bioinformatician at
the Polytechnic University of Turin in Italy,
who was involved in the study of 16 European
countries.

The European research suggests that Slo-
vakia probably had alower burdenthanother
countries because the government acted
quickly to lock down and people complied.
By contrast, the burden was higher in Sweden,
where the government took a “herd immunity”
approach and allowed the virus to spread
largely unchecked.

Individual-country analyses also reveal big
differencesin the health burden of COVID-19.
Research from Malta reveals that between
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March 2020 and March 2021, COVID-19
became the fourthleading cause of disability,
ranking after ischaemic heart disease, lower
back pain and diabetes®. In India, it ranked
much further down the list: using 2019 data
as aguide, it would have accounted for 3% of
the total health burden — putting it outside
thetopl0andratingitaslessofaburdenthan
ischaemic heartdisease, nutritional deficien-
cies and chronic respiratory diseases®. The
authorsacknowledge, however, that COVID-19
cases might be under-reportedinIndia, which
would affect the rate of DALYs.

IT'S ASIZEABLE
PROBLEM, THESE ARE
PEOPLE WHO ARE
PRETTY SEVERELY
DISABLED.

Each projectsourcesits dataslightly differ-
ently, which can add to the variation in DALY
estimations. The research group that esti-
mated DALYs for 16 European countries, for
example, used aggregated datafromthe Euro-
pean Centre for Disease Prevention and Con-
trol (ECDC), the World Health Organization
(WHO) and the World Bank Group; many of
the national studies used more-detailed coun-
try-specific data. Asaconsequence, DALY esti-
mates for the same country vary in different
hands. Using ECDC, WHO and World Bank data
for Denmark, for example, gives afigure of 116
DALYs per 100,000 people', whereas Monteiro
Pires’ group used data from Denmark’s health
systems to come up withafigure closer to 520
(see go.nature.com/3ménsrj).

Several of the studies of individual European
countries have been supported by the Euro-
pean Burden of Disease Network, a project
launched in 2019 to improve how the burden
of disease is calculated and understood. The
network of epidemiologists and public-health
researchers from 53 countries worldwide
quickly realized thatit should be documenting
the public-health burden of the nascent pan-
demicvirus,and began to develop a consensus
protocol, including a specific model for the
disease progression of COVID-19 from infec-
tiontorecovery or death. “From that moment
on, many countries have been using that pro-
tocol. We never imagined it would happen so
quickly,” says Monteiro Pires, who heads the
network’s infectious-disease working group.
Network researchers have now completed bur-
den estimates for Malta, Denmark, the Neth-
erlands, Scotland, Ireland and Germany, with
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more expected to appear in the months ahead.

One important job for the network was to
align the definitions used in the data sets so
thatthe burdens of disease could be compared
across countries. Butitis still too soon to draw
any major conclusions from the work, says
Monteiro Pires.

There is not yet an estimate of the global
health toll from COVID-19, but the IHME has
been churning out figures for a catalogue of
other diseases since the 1990s. In early 2020,
when it became clear a pandemic was under
way, the institute already had the machin-
eryin place to help it understand the wider
health effects of SARS-CoV-2 and got to work
onadding COVID-19 to the catalogue. Around
100 staff members were diverted to the effort.
Their dataare currently being considered for
publication.

In contrast to many other calculations, the
datainclude estimates of the burden of long
COVID. Vos has presented these unpublished
datato US authorities to help them get a han-
dle on how the lingering symptoms could
affect people’s ability to work. The findings
suggest that in 2020 and 2021, an estimated
4.6 million people in the United States had
symptoms that persisted for at least three
months. The group’s definition of long COVID
revolves around three clusters of symptoms,
centring on fatigue, cognitive problems and
ongoingrespiratory issues. More than 85% of
these cases cameasaresult of about of COVID-
19 that did not require hospital treatment.

“It’s a sizeable problem, these are people
who are pretty severely disabled,” says Vos.

Theteam’s modelling suggests that around
5% of women and 2% of men who had a mild
case of COVID-19 still had symptoms 6 months
after the acute phase of the iliness ended. For
thosetreated in hospital, it was 26% of women
and 15% of men, rising to 42% and 27%, respec-
tively, ifthe patient spenttimeintheintensive
care unit.

Vos’ team found that people with long
COVID had an average disability weight of
0.21 - equivalent to complete hearingloss or
severe traumatic braininjury. “Hopefully this
will trigger awareness with treating physicians
that this is not trivial and it does exist,” Vos
adds.

Data gaps
One big problem for researchers attempting
to estimate the burden of COVID-19is the cov-
erage of data. Some countries, such those in
the Pacific Islands, record so few cases that
the dataare not statistically sound. And many
countries insub-Saharan Africa,among other
regions, lack the ability to track excess deaths
dueto COVID because of inadequate registra-
tion systems.

The IHME group get around this by using
data from neighbouring countries to gener-
ate country-specific estimates. But ultimately,
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A woman who has had COVID-19 attends a physiotherapy session in Madrid.
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accurate calculations will require the collec-
tion of more detailed data. “People don’t
automatically think that improving infor-
mation systems is a priority in a pandemic,”
says Andrew Briggs, a health economist at
the London School of Hygiene & Tropical
Medicine, “but in terms of preparedness we
should be.” He and his colleague Anna Vassall
recently predicted that as much as30% of the
health burden of COVID-19 could be down to
disability’, not death.

The second data blind spot is long COVID.
Sofar, only afew research groups outside the
IHME have included such data in their esti-
mates. Others think that without good infor-
mationonlong COVID, calculating theburden
of the disease is premature.

Some national estimates — such as those
for Scotland? Malta® and Ireland® — include
limited long-COVID datain their analyses, but
acknowledge the uncertainties. Grant Wyper,
who works on the burden of disease for Public
Health Scotland, helped to put together these
estimates and says that the dataonlong COVID
were sparse and that the condition was often
defined in different ways — combining data
from people who had just one symptom, such
loss of sense of smell, with those from people
who had several symptoms, whichwould have
amore severe impact on quality of life.

Because so little was known when they
developed the initial disease model, Wyper
and hisgroup used ageneral disability weight

for the health effects seen after an infection.
They are now working to refine the disability
weighting for long COVID to make it more
accurate, he says.

For its estimates of the burden of long
COVID, the IHME sought out ongoing cohort
studies that were logging symptoms and, in
someinstances, assessments of general health
before COVID-19 developed. Its model pulls
together datafrom 10 cohorts worldwide and
includes morethan 5,000 peopletreatedinthe
community or hospital, as well as data from
medical records and published studies.

But the estimates rely on the assumption
that people who do not have symptoms during
the acute phase do not develop long COVID.
Taquetsaysthatitis notyetclear thatthisisthe
case. “Thereisnoreasonto believe that some-
onewithnosymptomsatthetime oftheacute
infection won’t go on to develop symptoms
oflong COVID later on,” he adds. His team has
foundthat2inevery 5 people withlong COVID
symptoms 3-6 months after infection did not
report symptoms in the first 3 months’.

Some groups might be disproportionately
affected by COVID-19. Briggs and Vassall
stress that the data should be collected in a
way thatis sensitive to that,and broken down
by age, socioeconomic and ethnic group. “As
we move to an endemic situation, we have got
to be more concerned by equity,” he says. For
its part, the European Burden of Disease Net-
workis hoping tolook at how social inequality
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affects heath burdenin the future.
Measuring DALYs takes time — often the
analyses are done only once ayear. That means
that some key questions about the burden of
COVID-19 —such as how vaccines have affected
illnessrates and severity — won’t be answered
for a while. The fact that COVID-19 has been
around for only a couple of years means that
scientists don’t have enough data to make
accurate forecasts, says Maria Gianino, an
economist at the University of Turin, who
worked on the study of 16 European countries.
Despite the challenges, Monteiro Pires
thinks that the future for disease-burden stud-
iesisbright. More fundingis coming their way,
shesays. “Itis more acknowledged that this is
animportant tool for public health”.

Holly Else reports for Nature from London.
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